Coconut fiber has been considered an adequate alternative material as substrate for soilless potted plants under semi or protected cultivation. Several water extracts are used for the determination of pH, EC and available nutrients in substrates for plants, 
INTRODUCTION
The plant production system in substrates under semi or protected cultivation has been actually considered an important agribusiness activity in Brazil. There is an increasing demand for substrates and techniques for improving plant management, yield and product quality. Coir has been considered an adequate material as substrate for potted plants due to its exceptional physical properties, although it sometimes may present salinity. This material has in Brazil a large availability and low price, since it is a by-product of the coconut industry (Kämpf, 2002) .
One of the main difficulties in the soilless production system is the nutrient management, which depends on adequate evaluation of substrate nutrient availability. The substrate chemical analysis faces a lack of standard procedures for results and interpretations accuracy. Different extraction methods have been currently used for the determination of pH, EC and available nutrients in substrates for plants: saturation extract (SE) is adopted in the USA (Warncke, 1986) and water extracts with fixed water volumes is adopted in Europe -1:1.5 v/v; 1:2 v/v, 1:10 m/v; and 1:5 v/v (CEN, 2001; Sonneveld et al., 1974; Sonneveld and Elderen, 1994; Sonneveld et al., 1990) . These methods provide proportionally unequal concentration values for the same treatment in function of different procedures, such as extraction time, shaking and dilutions, what turns difficult the use of substrate analysis as a reliable nutrient diagnosis tool for a better nutrient management.
The objective of this research was to compare laboratory current procedures of water extraction for the chemical analysis of available macronutrients, Na, pH and EC in coir substrate incubated with mineral fertilizers.
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(3) NPK + S + micronutrients; (4) SRF + S and; (5) SRF + S + micronutrients. The SRF (formula N-P 2 O 5 -K 2 O = 14-14-14) presents a releasing period of three to four months and it was applied at a rate of 6 g L -1 of coir. The conventional fertilizer was applied at the same rate, using the sources: urea, potassium chloride and triple superphosphate. Substrate samples were collected at 20, 60 and 120 days for the chemical analysis, using the following methods of water extraction: 1:1.5 v/v water extract (Sonneveld et al., 1974; Sonneveld and Elderen, 1994 ) -this method is currently used in The Netherlands for pH, EC, macro and micronutrients determination in substrates. The procedure consisted of: 200 mL of substrate sample was moisturized with deionized water, enough to drip when slightly hand pressed. The sample was then submitted to 10 kPa in a pressure ring; thereafter, 100 mL previously treated sample was added to 150 mL deionized water, shake during 15 minutes at 220 rpm and filtered through paper filter; 1:2 v/v water extract (Sonneveld et al., 1990 ) -method used by some Brazilian substrate producing companies for pH and EC evaluation according the following procedure: 100 mL sample (without previous prepare) is added to 200 mL of deionized water, shake for 20 minutes at 220 rpm and filtered through paper filter; 1:5 v/v water extract (CEN, 2001 ) -method adopted by the Comité Européen de Normalization (CEN), which consists of adding 250 mL of water to 50 mL of substrate sample (without previous prepare), shake for 20 minutes at 220 rpm and filtered through paper filter; 1:10 m/v water extract -method originally used in Germany and adopted by the research group of the "Universidade Federal do Rio Grande do Sul", Brazil, for EC, pH and macronutrient determinations. This procedure requires moisture standardization (by oven drying at 105 0 C or addition of water) when sample humidity is different from 50%: 20 g of material with 50% humidity is added to 200 mL of deionized water, shake during 3 hours and filtered after a 24-hour rest period; saturation extract (SE) (Warncke, 1986) -distilled water was added to about 400 mL of substrate and stirred with a spatula, until the mixture showed a glittering surface or until a spatula-made ridge vanished rapidly. After one-hour rest, the mixture was again adjusted to saturation and thereafter transferred to a Buchner funnel with paper filter connected to a vacuum flask to which it was applied suction to obtain 25 mL extract.
The nutrients and Na were determined in the extracts by ICP-OES (spectrometer model Jobin Yvon JY50P). The data was submitted to analysis of variance for a completely randomized design, in a 5x3x5 factorial arrangement (fertilizer, incubation period and extraction method) and the mean comparisons were made by Tukey test (0.05).
RESULTS AND DISCUSSION
Although the pH values showed variation among fertilizer treatments (means over treatments, Table 1 ) the differences within treatments were not statistically significant by any of the methods. Differences among methods were also not significant, maybe due to the significant interactions found for the variables, in spite of the low coefficient of variation for pH (CV = 6.8%). The average pH values increased according to the water extraction method in the following order: SE ≤ 1:1.5 = 1:2 = 1:10 < 1:5. Addition of SRF significantly decreased the initial pH values (Table 1) , which also decreased with the period of incubation for all treatments (Table 3) , whereas NPK increased them (Table 3) ; pH decreased with incubation period in all treatments, and at 60 and 120 days no significant pH differences were found within treatments with added fertilizers.
The EC values expressed total ionic activity in the solution and were differentiated among treatments in the SE, 1:1.5, 1:2 and 1:10 water extracts, but differences were not detected by the 1:5 method (Table 1) .
Low sodium (Na) concentrations were found in coir, which were lowest in the control and highest in the SRF-treatments (control< NPK< SRF), indicating that the original material contained small amount of sodium and that the fertilizers contributed to add the element as a contaminant (Table 1) . The low Na concentrations evidenced also that the EC values were much more affected by chloride (Cl), firstly, and potassium (K), secondly, than by sodium contained in the fertilizers, since higher EC values were observed in NPK-treatments (Tables 1 and 2 ), which showed higher K but much higher Cl concentrations (control < SRF<< NPK) (Table 1) .
There were significant differences among treatments and periods of incubation for the N-NH 4 + , N-NO 3 -, P, K, Ca, Mg and S concentrations in the water extracts (Tables 2 and 3 ). The average values of N-NH 4 + and N-NO 3 -showed differences among the control and the fertilization treatments for all methods, but these were not statistically significant, probably due to the high CV% for N-NH 4 + (61.7) and N-NO 3 -(41.
3), what probably interfered with the mean comparison test used (Tukey test, 0.05). For N-NH 4 + , the values were significantly different only by the SE method, and for N-NO 3 -, only by the 1:1.5 (Table  2) . Besides, a different behavior was observed for N-NH 4 + and N-NO 3 -between the conventional (NPK) and slow-release fertilizer (SRF) treatments, along the periods of incubation. In the NPK-treatments, N-NH 4 + decreased with time, and N-NO 3 -increased, what probably indicates that nitrification occurred. This effect was not observed in the SRFtreatments, in which both N-NH 4 + and N-NO 3 -values increased with the period of incubation (Table 3 ). These interaction effects might also have influenced the coefficient of variation and consequently the least significant mean value for the methods comparison.
All water extraction methods showed the same efficacy in differentiating Pconcentrations among fertilization treatments, keeping relative proportional differences among them (Table 2) .
Potassium concentrations among fertilization treatments were well differentiated by both saturation and 1:1.5 extracts; however, in the other extracts only the control was different from the fertilization treatments. Since potassium seems to be the major element contributing to the EC values, these will be also influenced by the water extraction method (Table 2) .
Differences among treatments for the Ca, Mg and S concentrations were only significantly evident in the saturation extracts. None of the other methods were able to differentiate Ca, Mg and S concentrations even among the fertilization treatments, probably due to their lower concentrations in the coir fiber substrate and higher CV% (69.8, 47.7 and 37.3%, respectively) found for these elements (Table 2) . Furlani et al. (2002) obtained similar results when comparing these methods for the analysis of macronutrients in Pinus bark. The SE and 1:1.5 were the best methods for the differentiation of fertilization treatments.
Concerning the periods of incubation, the NPK-treatments released, on the overall, higher quantity of available nutrients at the initial 20-day-incubation period compared to the SRF-treatments that released higher quantity at 120-day-incubation, as expected. But, for most nutrients the concentration in the water extracts increased with time, although in the SRF-treatments the nutrient releasing occurred at a slower rate, since at 120 day-incubation period these nutrient values were still lower in the SRF-than in NPK-treatments, except for N-NH 4 + and N-NO 3 -as already discussed (Table 3) . The results indicated clearly that for nutrient diagnosis purposes, the saturation and 1:1.5 extraction methods were more accurate in detecting differences in nutrient concentrations and EC values among substrate samples, allowing a better estimate of nutrient availability and the need for reposition.
CONCLUSIONS
The rate of nutrient release in the coir substrate water extracts varied with the incubation period and fertilizer source.
The tested coconut fiber substrate did not present excess sodium or high EC. The NPK-fertilizer showed a faster nutrient-releasing rate compared to the SRF and higher Cl concentrations, what increased EC.
Ammonium and nitrate concentrations varied along the time but the variation trend was opposite to each other and depended on the fertilizer source.
Concerning the water extraction method comparison, the results of EC and all macronutrient concentrations, with exception of P, were significantly affected by the procedures. The best evaluations obtained for the treated coir substrate were in the saturation and 1:1.5 water extracts.
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